Interference with phosphoenzyme isomerization and inhibition of the sarco-endoplasmic reticulum Ca2+ ATPase by 1,3-dibromo-2,4,6-tris(methylisothiouronium) benzene.
ATP hydrolysis and Ca(2+) transport by the sarco-endoplasmic reticulum Ca(2+) ATPase (SERCA) are inhibited by 1,3-dibromo-2,4,6-tris(methylisothiouronium) benzene (Br(2)-TITU) in the micromolar range (Berman, M. C., and Karlish, S. J. (2003) Biochemistry 42, 3556-3566). In a study of the mechanism of inhibition, we found that Br(2)-TITU allows the enzyme to bind Ca(2+) and undergo phosphorylation by ATP. The level of ADP-sensitive phosphoenzyme (i.e. E1P-2Ca(2+)) observed in the transient state following addition of ATP is much higher in the presence than in the absence of the inhibitor. Br(2)-TITU does not interfere with enzyme phosphorylation by P(i) in the reverse direction of the cycle (i.e. E2P) and produces only a slight inhibition of its hydrolytic cleavage. The inhibitory effect of Br(2)-TITU on steady state ATPase velocity is attributed to interference with the E1P-2Ca(2+) to E2P-2Ca(2+) transition. In fact, experiments on conformation-dependent protection from proteolytic digestion suggest that, in the presence of Br(2)-TITU, the loops connecting the "A" domain to the ATPase transmembrane region undergo greater fluctuation than expected in the E2 and E2P states. Optimal stability of the gathered headpiece domains is thereby prevented. These effects are opposite to those of thapsigargin, in which the mechanism of inhibition is related to stabilization of a highly compact ATPase conformation and interference with Ca(2+) binding and phosphoenzyme formation. Our experiments with Br(2)-TITU provide the first demonstration of a kinetic limit posed by an inhibitor on the E1P-2Ca(2+) to E2P-2Ca(2+) transition in the wild-type enzyme.